BACKGROUND: Health systems are increasingly implementing remote telephone and Internet refill systems to enhance patient access to medication refills. Remote refill systems may provide an effective approach for improving medication non-adherence, but more research is needed among patients with limited English proficiency with poor access to remote refill systems. OBJECTIVE: To compare the use of remote medication refill systems among limited-English-proficiency (LEP) and English-proficient (EP) patients with chronic conditions. METHODS: Cross-sectional survey in six languages/ dialects (English, Cantonese, Mandarin, Korean, Vietnamese, and Spanish) of 509 adults with diabetes, hypertension, or hyperlipidemia. Primary study outcomes were self-reported use of 1) Internet refills, 2) telephone refills, and 3) any remote refill system. LEP was measured by patient self-identification of a primary language other than English and a claims record of use of an interpreter. Other measures were age, gender, education, years in the U.S., insurance, health status, chronic conditions, and number of prescribed medications. Analyses included multivariable logistic regression weighted for survey non-response. RESULTS: Overall, 33.1 % of patients refilled their medications by telephone and 31.6 % by Internet. Among LEP patients (n=328), 31.5 % refilled by telephone and 21.2 % by Internet, compared with 36.7 % by telephone and 52.7 % by Internet among EP patients (n=181). Internet refill by language groups were as follows: English (52.7 %), Cantonese (34.9 %), Mandarin (17.4 %), Korean (16.7 %), Vietnamese (24.4 %), and Spanish (12.6 %). Compared to EP patients, LEP patients had lower use of any remote refill system (adjusted odds ratio [AOR] 0.18; p<0.001), CONCLUSIONS: LEP patients are significantly less likely than EP patients to use any remote medication refill system. Increased reliance on current systems for remote medication refills may increase disparities in health outcomes affecting LEP patients with poor access to telephone and Internet medication refills.
INTRODUCTION
The availability of websites that allow patients access to their personal electronic medical records and secure communication with their physician may provide patients with an important option for refilling their medications. Internet-based shared medical records (SMR) can increase access to pharmacy services for patients with the necessary skills, services (i.e., Internet access), and technologies (i.e., computer) to use them. Although expanding nationally, the use of Internet-based SMRs with prescription medication refill capability is relatively new in many health systems. 1 The use of SMRs with online medication refill function has the potential to improve medication adherence, which is a common problem, with serious health, safety, and cost implications. 2 Research among English-speaking populations shows that patients are interested in the integrated functionality of an online SMR with medication management capabilities and specifically welcome the convenience to request medication refills. 3 However, research on the use of refill functions of SMRs is scarce among patients whose primary language is not English. Patients with limited English proficiency and chronic conditions are at increased risk of medication nonadherence 4, 5 and receive lower-quality care than patients who are proficient in English. [6] [7] [8] One study suggested that patient use of an online portal with refill function increased adherence to statin medications for those with diabetes receiving care in an integrated health system. 9, 10 Studies also report that low education, income, and Internet access are associated with lower online use of an SMR, though socioeconomic status (SES) alone does not account for lower SMR use by racial-ethnic minorities. 11 African Americans and Latinos are less likely to use an online SMR system that has options to request medication refills. [12] [13] [14] In view of the lack of reliable data on patient language use in most health care systems, and the enormous challenges of conducting cross-cultural and multi-lingual research, to our knowledge, there are no studies examining the use of the medication refill functionality of SMRs by linguistically diverse populations. This study addresses this gap by investigating the use of Internet and telephone medication refill systems integrated within an SMR among an ethnically diverse sample of insured patients with chronic illnesses, and investigates differences in use between patients with limited English proficiency (LEP) and English-proficient (EP) patients.
METHODS

Setting and Data
This study was conducted within Group Health Cooperative, a mixed-model, not-for-profit, integrated group practice healthcare system in the state of Washington. Group Health has an electronic medical record (EMR) and integrated online shared medical records (SMR) for patients in their integrated group practice. Available since 2003, the online SMR is available in English and is used by more than half of Group Health patients. 1 As described elsewhere, the SMR site allows patients to (1) exchange secure electronic messages with their healthcare team, (2) view portions of their electronic health record, including medications, (3) obtain medication refills with shipping to their homes, (4) obtain after-visit summaries, and (5) schedule office appointments. 1 Group Health also has a remote telephone system available in English, and allows patients to request medication refills. The remote refill systems are not available in other languages. This study was approved by the institutional review boards at Group Health Research Institute and UCLA.
The study uses four sources of data: health plan enrollment data that includes some demographics (age and gender), inpatient and outpatient claims data that includes interpreter utilization data, electronic medical records, and telephone survey data. Group Health maintains records of all encounters where an interpreter was used, and each encounter-level record includes date, language, service location, and duration.
Study Design and Sample
We conducted a cross-sectional telephone survey in the six most common languages/dialects among patients at Group Health: English, Cantonese, Mandarin, Korean, Vietnamese, and Spanish. The survey study inclusion criteria were (1) age 18 years or older, (2) continuous enrollment in Group Health integrated group practice 6 months prior to the beginning of the survey, (3) diagnosis of one of the three chronic conditions-hypertension, hyperlipidemia, and/or diabetes-as defined by two outpatient ICD-9 diagnoses or one inpatient diagnosis, (4) at least one medical visit (not urgent care or emergency) within the health system during the last 6 months, and (5) a primary language of English, Cantonese, Mandarin, Korean, Vietnamese, or Spanish. For patients whose primary language was not English, an additional inclusion criterion was the use of an interpreter during at least one clinical visit between 2005 and 2012. Patient exclusion criteria were diagnosis of dementia or Alzheimer's disease; admission to hospice, hospital, or skilled nursing facility in last 12 months; diagnosis of end-stage renal disease (stage 5) or receiving dialysis; pregnancy within the prior year; or placement on the health system's Bno contact^list. All LEP patients satisfying the inclusion and exclusion criteria were included. English-speaking patients were identified by inclusion and exclusion criteria, matched for age, gender, and chronic conditions, and randomly selected.
Survey Development
The 96-item survey was pre-tested with English-speaking volunteers and forward-and back-translated by a vendor into each language (Spanish, Korean, Chinese, and Vietnamese) by certified translators. The surveys underwent a review process with reconciliation calls that involved bilingual members of our team, the vendor, and translators. The reconciliation process focused line-by-line on the survey, ensuring each item was properly translated.
Data Collection
Telephone survey administration was conducted by a vendor in California between September 2013 and January 2014. Potential participants received language-appropriate materials and a one-dollar bill via mail for consent in advance of receiving a call by a trained interviewer who spoke the respondent's language. Interviewers attempted to contact 1490 patients (493 EP and 997 LEP), making up to 25 calls per patient at different times and days of the week. Roughly twice as many LEP as EP patients were sampled, with the goal of adequate representation by each language group included in the study. Ultimately, 509 patients completed the survey and received a $10 gift card via mail. The overall response rate was 35.5 % (n=509; 34.0 % EP, n=328; and 37.4 % LEP, n=181). The majority of non-response was due to refusal or maximum call attempts reached.
Measures
Primary outcomes were use of 1) Internet refill system, 2) telephone refill system, and 3) any remote refill system (Internet or telephone). Patients were provided with a brief description of the Internet refill system and then asked, BHave you used the health systems Internet site to refill any medications in the last 12 months?^(response options: yes, no, or don't know). A similar question was asked about use of the automated telephone medication refill system. One dichotomous variable was created to indicate use of each refill system. Respondents who answered Bdon't know^(n=14 for Internet and 9 for telephone) were categorized as Bno^or not using the remote refill systems. A third dichotomous variable was created to indicate whether patients used either the telephone or Internet refill systems. A second question was used to ascertain the frequency of use of the remote refill systems among those who answered Byes^to using one or both in the past 12 months. Patients who reported using the Internet refill system were asked, BHow frequently have you used this system to refill your medication in the last 12 months^(response options: sometimes, usually, or always). A similar question was asked to those who reported use of the telephone refill system.
The primary predictor variable was LEP status as measured by patient self-identification of a primary language other than English and a claims record of use of an interpreter. Other measures included in the survey were language/dialect (English, Cantonese, Mandarin, Korean, Vietnamese, or Spanish), race-ethnicity, age, gender, education (high school or less, trade school, or university/college), household income, and health status. Self-reported health status was recoded as excellent/very good, good, or fair/poor. Patients born outside the U.S. (n=328) were asked about the number of years living in the US. The survey responses were merged with EMR data to determine the number of prescribed medications, presence of chronic conditions (diabetes mellitus, hypertension, and/or hyperlipidemia), and insurance type. Missing responses were less than 1 % for all variables except the income question, where 4.9 % refused to answer and 8.6 % answered Bdon't know.Â nalysis STATA version 12.0 (StataCorp LP, College Station, TX, USA) statistical software was used for all analyses, and a p value of <0.05 was used to determine statistical significance. We calculated inverse probability weights (IPW) to account for differential survey response from study participants by age group and language. We modeled response as the dependent variable in a logistic regression model, and included age and language as independent predictors. The IPW was then calculated as 1/Prob(Y|Xi), where Y is a dichotomous variable, X 1 is patient's age (18 to 44, 45-64, and 65 or greater) and X 2 is the patient's language, resulting in 15 IPWs (3 age categories by 5 languages), which we used to weight all respondents in our analyses.
We examined univariate summary statistics to determine distributions for all variables using the survey weights. We then performed bivariate analyses for each of the three outcome variables (use of Internet refill system, use of telephone refills, and any remote refill system) by all patient demographic characteristics and health-related measures. Bivariate associations were assessed for statistical significance using χ 2 tests for categorical variables and one-way analysis of variance for continuous variables.
We estimated logistic regression models, one for each outcome variable, to estimate the association between English proficiency and each outcome, adjusting for age, gender, education, and self-reported health status. We used the literature and prior studies to determine the most parsimonious models given sample size considerations. 4, 5 We conducted post hoc analyses to determine whether including household income or the number of medications attenuated the effect size or changed the direction of the association with each outcome measure. Table 1 reports weighted patient demographics and clinical characteristics for all survey respondents stratified by LEP status. EP patients were significantly older, single or divorced, had higher household income, were more educated, reported better health status, and had more concurrent medications, compared to LEP patients.
RESULTS
Among all survey respondents, both EP and LEP (n=509), 34 % of patients reported using the telephone refill system and 32 % using the Internet to refill medications (data not shown). Among all patients who reported using the Internet to refill medications (n=160), 80 % used it usually or always, and 19 % used it only sometimes. Among all patients who reported using the telephone to refill medications (n=177), 75 % used it usually or always, and 25 % used it sometimes.
As illustrated in Fig. 1 , the frequency of use of Internet and telephone refill systems varied by LEP status. Half of EP patients (53 %) used the Internet refill system, compared to 21 % of LEP patients; 83 % of EP patients used either the telephone or Internet refill system, compared to 46 % of LEP patients; and similar proportions of EP (37 %) and LEP (31 %) used the telephone refill system (Fig. 1) . Table 2 shows use of the telephone and Internet refill systems by various unadjusted patient characteristics. Women were more likely to use the telephone or any remote refill system, but there were no significant gender differences for use of Internet refills. Those with higher income or higher education levels were more likely to use Internet refills, but not telephone refills. Use of any remote refill system was greater among patients with higher education or income. The proportion of patients by language group who used the Internet refill system was: English (53 %), Cantonese (35 %), Mandarin (17 %), Korean (17 %), Vietnamese (24 %), and Spanish (13 %). The proportion of patients by language group who used the telephone refill system was: English (37 %), Cantonese (19 %), Mandarin (17 %), Korean (48 %), Vietnamese (26 %), and Spanish (36 %). Those with fewer years in the U.S. were less likely to use the telephone to refill medications. Patients with Medicare/Medicaid insurance or fair/poor health status were less likely to use the Internet to refill medications. The use of Internet, telephone, and any remote refill system was greater among patients with a higher mean number of prescribed medications. Table 3 shows results from three logistic regression models, examining (1) use of Internet refills, (2) use of telephone refills, and (3) use of any remote refill system. In model 1, LEP patients had lower odds of using the Internet to refill medication compared to EP patients (adjusted odds ratios [AOR] 0.27; 95 % confidence intervals [CI] 0.17-0.45; p<0.001); and high school or less education was associated with less use of Internet refills compared with university or college education (AOR 0.50; 95 % CI 0.31-0.81; p<0.01). In model 2, LEP status was not significantly associated with the use of telephone refills. Women had higher odds of using the telephone to refill medications than men (AOR 1.78; 95 % CI 1.18-2.70; p<0.01). In model 3, LEP patients had lower odds (AOR 0.18; 95 % CI 0.11-0.31; p<0.001) of using any remote refill system compared to EP patients.
In results from post hoc sensitivity analysis (data not shown), the addition of household income and number of medications to the models did not change the results reported in Table 3 .
DISCUSSION
In this study we found substantial variation in the use of telephone and Internet medication refill systems among a linguistically diverse group of adults. Among LEP patients, 46 % used any remote refill system (Internet or telephone) to fill medications, compared with 83 % of EP patients. Patients with LEP and EP were approximately equally likely to refill Notes: All percentages are weighted for age and language with inverse probability weights to account for differences in survey response. Column percentages presented. EP=English-proficient; LEP=limited English proficiency; SE=standard error *Survey administration language † compares LEP group with EP group ‡ abstracted from electronic medical record claims data medications by phone, but LEP patients were much less likely to refill by Internet. Overall, patients with LEP were much less likely than patients with EP to use either phone or Internet.
The results have important implications for health systems serving linguistically diverse populations. Optimization and tailoring the language of online SMRs with medication refill functions and automated telephone systems for linguistically diverse patients is an important area for future research and development. 15 Clinically, the results are relevant to LEP patients with chronic conditions, polypharmacy, and at high risk for medication non-adherence. Other research suggests that patients Notes: All percentages are weighted for age and language with inverse probability weights to account for differences in survey response. with diabetes and other chronic conditions may benefit most from the use of remote medication refills. 16 Considering that many patients often do not refill their medications, providers who care for LEP and EP patients can encourage adherence by advising patients of the different medication refill options available to them. 17 We extend the literature by finding that linguistically diverse patients are less likely than EP patients to use any remote medication refill system and that the lower use is driven by a lower likelihood of using the online medication refill function. Our results add to previous studies that focused on raceethnicity but not language. A strength of this study is its focus on a linguistically diverse patient population with multiple chronic conditions receiving care in an integrated group practice setting. Research has shown that minorities in general are less likely to use online health-related patient SMRs or portals, [12] [13] [14] and our results suggest that speaking a non-English language is associated with low use of remote refill systems, including the Internet.
This study has limitations. We used self-reports for some measures, which are subject to recall bias and socially desirable answers. Identifying LEP individuals by interpreter use rather than self-report may lead to under-identification of the LEP population. However, identifying LEP patients by this approach would bias LEP versus EP comparisons towards the null hypothesis. Using self-report to identify LEP patients may overestimate their true English proficiency, as patients may attempt to get through a clinical encounter with limited English fluency. 18 The use of interpreter measures provides an objective measure of the need for interpreter services. Although the response rate was about 35 %, this rate is similar to surveys of patients from a health system conducted by survey vendors in more than one language, 19, 20 and is higher than telephone surveys among community samples. 21, 22 We also weighted our data to reduce bias from non-response. Our results may not be generalized to all patients with LEP or other healthcare systems, as we focused on a sample within an integrated group practice healthcare system. We did not assess whether patients had access to the Internet or whether providers encouraged the use of the SMR medication refill function, although a study in the same health system found that Internet use and/or provider encouragement did not explain lower use of patient SMR records among African American patients. 23 It is possible that potential confounders not measured in this study, such as household members with English proficiency and patient health literacy, could help explain the findings. The cross-sectional design does not allow for inference of causal relationships.
The provision of linguistically appropriate health care is warranted given the growing linguistic diversity across the U.S. 24 The National Standards for Culturally and Linguistically Appropriate Services in Health and Health Care (the National CLAS Standards) were recently updated, and establish a blueprint for health care organizations to implement linguistically appropriate services. 25 As health systems focus more on the National CLAS Standards and follow Title VI of the Civil Rights Act to improve patient experiences with care, 26 it will be important that LEP patients are also provided the convenience of an SMR with the ease of requesting refills for prescription medications. Additional studies should focus on uninsured patients and whether use of the Internet SMR features is associated with process and clinical outcomes. 16 This research is critical, because health systems increasingly rely on Internet-based SMRs to expand access to services in accordance with meaningful use standards. Investments in making telephone refill systems available in common non- Notes: All models included survey weights for age and language using inverse probability weights to account for differences in survey response AOR=adjusted odds ratio Ref=reference category CI=95 % confidence intervals †=p value<0.01 ‡=p value<0.001
English languages would be another step in the right direction toward enhancing patient experiences with care. In summary, we describe variation in the self-reported use of remote medication refills, particularly focusing on Internet refills, among a linguistically diverse group of patients with similar access to care. All patients in this study had hyperlipidemia, hypertension, and/or diabetes, populations at high risk for medication non-adherence. 2 If our results are replicated in other studies, they would then suggest that increased emphasis on Internet refill systems may increase rather than decrease disparities by differentially improving access to refills for EP patients over those with LEP.
